Background: The effect of fentanyl and morphine, two most frequently used drugs for premedication in general anesthesia, on gallbladder of newborns, has not been sufficiently investigated. Intubation and mechanical ventilation in a neonatal respiratory distress syndrome are stressful procedures, in which these two drugs are used to reduce stress and pain. We studied the effect of these drugs on neonatal bile system during these procedures
Background
Respiratory distress syndrome (RDS) is the most common reason for the hospitalization of preterm and term newborns in the neonatal intensive care units (NICUs) (1) . Neonatal intubation and mechanical ventilation are stressful procedures that require premedication. Premedication helps to improve biochemical and clinical conditions, and reduce stress, pain and adverse physiological responses. Pain and stress, induced during these procedures, may cause short-term and long-term side effects in newborns (2) (3) (4) .
Drugs with maximal analgesic effect and minimal side effects are recommended as a premedication in the NICU, during neonatal intubation and mechanical ventilation (5, 6) . Strong opioids such as morphine or fentanyl are frequently used in NICUs for reducing pain induced during these invasive procedures (7, 8) . The best chosen opioid is the one with the strongest analgesic effect and minimal side effects (9, 10) . It has been established that fentanyl is 50 -100 times more potent than morphine in terms of pain reduction (11, 12) .
There are very few clinical trial studies that have evaluated the effects of opioid drugs, such as fentanyl, on gallbladder dimensions and biliary tract dynamics, especially Copyright in newborns. In view of this, we conducted a randomized, double-blinded clinical trial to study the side effects of the most popular analgesic drugs (morphine and fentanyl) on gallbladder dimensions among newborns admitted to the NICUs for intubation and mechanical ventilation and also to compare the side effects of these two drugs. As far as we know, such a study has not been conducted in the NICU before.
Objectives
This study aimed at evaluating some gastrointestinal (GI) side effects of analgesic drugs (morphine and fentanyl) using ultrasound measurements of gallbladder and biliary tract dimensions and shape.
Methods
In this prospective, randomized, double-blinded clinical trial, 32 newborns with gestational age between 26 and 38 weeks undergoing intubation and mechanical ventilation (for at least 24 hours) were included. Parents of the participants were interviewed by a pediatrician on the necessity of using premedication for their newborns to reduce pain and stress and parental consent obtained. The research project was approved by the ethical committee and conducted under the supervision of Hormozgan University of Medical Sciences.
The participants were randomly divided into two groups (group 1 received morphine and group 2 received fentanyl). These two groups were further assigned to < 30 weeks and > 30 weeks subgroups, according to their gestational age. The data were gathered between Nov 2012 and Oct 2013 at the NICU of the Children's hospital in Bandar Abbas, Iran. This children's hospital with 130 beds is affiliated to Hormozgan University of Medical Sciences for education and training, and serves as a referral hospital of the region.
Study Population
This study population consisted of 32 newborns aged 26 -38 weeks with similar demographic variables, who were admitted to the NICU of the Children's hospital in Bandar Abbas for mechanical ventilation, following the respiratory distress syndrome, bacterial pneumonia, viral pneumonia, and other respiratory problems for at least 24 hours during a period of 12 months. Forty-six patients were assessed. Among them, 5 could not meet the inclusion criteria and parents of 9 newborns opted to not participate in the study. Newborns that met the inclusion criteria were stratified randomly into two groups using the closed envelope's method. One of the NICU nurses who was not involved in taking the vital signs, physical examination, and registration of the newborns administered the allocated drugs. Group 1 received morphine prescribed with a loading dose of 100 mcg /kg in the first hour, and a maintenance dose of 12 mcg/kg/hour for the next 24 hours, injected intravenously. Group 2 received fentanyl. It was prescribed with a loading dose of 2 mcg, and with a maintenance dose of 0.25 mcg/kg/hour, intravenously injected slowly. These dose adjustments were being administered based on experience from previous studies and reference book resources (10, 13) .
Ultrasonographic evaluation of the newborns was performed by a radiologist who had no prior information about the two groups. Ultrasonographic measurements of gallbladder dimensions (length, width, depth and volume) as well as the occurrence of hydrops of gall bladder were evaluated on the third and sixth days after drug administration. Our radiologist used a sonogragraphy transducer at 7.5 MHz for all the measurements. All the newborns in this study were under total parenteral nutrition (TPN) before ultrasound evaluation.
All data were classified based on the newborns' age (day), weight (gram), gestational age (week), respiratory conditions and ultrasound results. We used SPSS 13 for the evaluation of the data. Because statistical distribution of the samples in both groups had a normal distribution pattern, a t test was used to compare the means of both groups. P value < 0.05 was considered as statistically significant. 2 Iran J Pediatr. 2017; 27(1):e5726. 
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Results
Thirty-two newborns undergoing mechanical ventilation at the NICU were randomly divided into two groups containing 16 newborns each. Morphine was prescribed and administered to newborns in group 1 and, fentanyl was prescribed for the newborns in group 2. Each group was randomly stratified into two subgroups based on gestational age; > 30 weeks or < 30 weeks. Each subgroup contained 8 newborns with gestational age either > 30 weeks or < 30 weeks (Table 1) . Table 1 shows the results of comparison between the two groups in terms of their demographic characteristics. There were no significant differences between the two groups when demographic variables were compared.
We observed no significant differences between the two groups when we compared their total and direct serum bilirubin levels. A total serum bilirubin level in newborns who received fentanyl was between 2.1 -12.9 mg/dL (average: 5.56 mg/dL), whereas that of the morphine-administered group was between 2.3 -8.50 mg/dL (average: 4.27 mg/dL), P = 0.22. Similar results were observed in direct serum bilirubin levels among the newborns.
Preliminary diagnosis for these newborns at the time of admission to hospital were RDS in 24 (75%), sepsis in 5 (15%), and miscellaneous in 3 newborns.
Ultrasound evaluation of the newborns was performed by a single radiologist using the same device. It was performed between 3 to 6 days (average: 4.15 days) after the first opioid administration. Eighty-four percent of the newborns had ultrasound evaluation up to the 5th day after opioid administration. Table 2 shows the dimensions and volume (14) of gallbladder of the newborns in the two groups. The results of gallbladder measurements showed that all parameters, except for the length of gallbladder, were higher in morphine-administered newborns than in the newborns who received fentanyl (Figure 1 ). 
Discussion
Endotracheal intubation for mechanical ventilation of newborns triggers physiological and clinical responses against pain, which are followed by certain side effects. Choosing the best analgesic with maximum analgesic effect and minimum side effects is very important (6, 7) .
Morphine and fentanyl are the two most commonly used opioids in NICUs. In this study, we tried to evaluate the side effects of these drugs using ultrasound measurements of gallbladder and biliary tract dimensions and shape.
A significant finding, which had not been reported previously was dilation of gallbladder which happened more remarkable in newborns who received morphine in comparison to newborns who got fentanyl. Some studies have shown that long-term prescription of fentanyl in adults may cause a decreased biliary flow, which in turn raises intrabiliary pressure in the common biliary duct (CBD) and sphincter of Oddi (14-16). However, we did not observe such changes in the CBD diameter by ultrasound evaluation in the two groups. This difference may be due to the fact that our study lacked a long-term follow-up. There are few studies that have investigated the effects of morphine on the biliary system. In one study, gallbladder stone formation in mothers addicted to morphine was reported (17) . In a study conducted by Zsigmond et al., the injection of morphine significantly reduced the diameter of the bile duct (18) . However, Viera et al., using ultrasonographic measurements, reported no significant changes in the diameter of the common bile duct after fentanyl injection (19) . Similar to our study, Schmidt et al. evaluated the effect of opioids on the biliary system of newborns (20) . The results showed that the administration of fentanyl had no effects on the length, width and volume of the gallbladder in newborns. The sample size and fentanyl maintenance dose in the Schmidt's study were not significantly different compared with those in our study, but the average gestational age and birth weight of the newborns in his study were higher than ours. Also, in both studies the technique used in the ultrasound evaluation in both studies was the same. However, it should be noticed that total parenteral nutrition (TPN), which is common in the ICU, intensifies gallbladder dilatation (21) . Therefore, we consider fentanyl a preferred short-term analgesic with less adverse effects than morphine to be used in NICU.
We compared changes in gallbladder dimensions in both morphine-and fentanyl-treated groups. To the best of our knowledge, no similar study has so far been conducted in this regard. However, some studies have reported that in adults morphine and fentanyl can raise the pressure inside the biliary duct and the sphincter of Oddi. Morphine can also decrease the diameter of the common bile duct but fentanyl has not been found to have the same effect. Considering the size and diameter of the common bile duct in newborns, especially premature neonates, this effect may cause biliary stasis and dilatation, and in a long-term period, may cause hydrops of the gallbladder. There were no records of direct hyperbilirubinemia in any of the cases evaluated in this study.
Limitations
There were some ethical issues regarding the administration of analgesics to neonates who underwent mechanical ventilation. These issues prevented us from comparing the two groups of newborns who received morphine and fentanyl with a group of newborns who received placebo as premedication. Other limitations of the study were the small sample size, which may be attributed to the limited number of beds in the NICU, and the limited period of study time. Insufficient ultrasound devices in our NICU was another difficulty we faced in our study. In certain cases, we needed multiple or same time sonographic evaluation. Considering the limited period of time in which this study was conducted (average of 7 days for each patient), we were not able to monitor the values of gallbladder dilatation for a longer time in the newborns who received maintenance doses of morphine. Furthermore, we were not able to evaluate gallbladder dimension or occurrence of hydrops after the study period.
Recommendations
Studies should be conducted on a larger population to assess other GI signs and side effects and to confirm these results. Moreover, better evaluation methods should be used to establish the association between the side effects of these drugs and gestational age, birth weight, having TPN versus enteral nutrition and prescription duration. Assessment of other complications including necrotizing enterocolitis (NEC), early and late onset sepsis (EOS and LOS), and the final outcome in these neonates could also help to make better decision about the drugs (22) . Sonographic evaluation of gallbladder before the administration of opioids, during their administration and even after discontinuation of these drugs will be crucial in defining precisely their effect on the biliary system.
Conclusions
As an adverse effect in newborns that receive morphine or fentanyl as a premedication, morphine causes gallbladder dilatation more than fentanyl. However, it should be noticed that TPN, which is commonly used the ICU, intensifies gallbladder dilatation. Therefore, fentanyl could be considered as a preferred short-term analgesic drug with less adverse effects than morphine in NICU. A larger study is needed to assess other GI signs and side effects and to confirm these results.
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